Aims: To evaluate the carotid ultrasound intra-and interobserver agreements in a common clinical scenario when making manual measurements of the intima-media thickness (IMT) and peak systolic (PSV) and end diastolic (EDV) velocities in the common (CCA) and the internal carotid (ICA) arteries. Material and methods: Three different experienced operators performed two time-point carotid ultrasounds in 21 patients with cardiovascular risk factors. Each operator measured freehand the CCA IMT three consecutive times in each examination. The CCA and ICA hemodynamic parameters were acquired just once. . Intraobserver agreements were fair-moderate for PSVs and good-excellent for EDVs. Interobserver agreements were good-excellent for both PSVs and EDVs. Overall, 95% confidence intervals were narrower for the left IMTmean and CCA velocities. Conclusions: Intra and interobserver agreements in carotid ultrasound are variable. In order to improve carotid IMT agreements, IMTmean is preferable over IMTmax.
Introduction
Carotid atherosclerosis is considered to be representative for systemic atherosclerosis [1, 2] . Due to the carotid accessibility, ultrasonography (US) examination is a safe technique, being recommended by the American Society of Echocardiography (ASE) to determine the vascular age and the risk for cardiovascular events [3] [4] [5] [6] . Together with other imaging techniques, the results offered by US are useful for setting primary prevention therapy [7] . US could estimate the cardiovascular risk by detecting atheroma plaques and measuring intima-media thickness (IMT) at the level of the common carotid artery (CCA) [7] [8] [9] . On the other hand, parameters such as peak systolic (PSV) and end diastolic (EDV) velocities assess the hemodynamic effects of stenosis and are relevant for management decisions [10] . However, carotid US is often performed by sonographers, in and out of Radiology departments, with different levels of training and experience and different approaches (manual, semiautomated or automated), whose reliability is many times simply assumed. But a manual subjective measurement, which is the most common approach in a clinical scenario, might be associated with significant variability. The reported variability of IMT measurements has been different among studies [4, 6, 11, [12] [13] [14] and, even more relevant, the statistical assessment has been also quite diverse, most frequently focused on correlations than on agreements [15] . That has also been the case of hemodynamic parameters [16, 17] . Therefore, reproducibility studies are still needed, especially if carotid US is going to be used as a biomarker of cardiovascular risk. Accordingly, our purpose was to evaluate intra and interobserver agreements in carotid US, reproducing a usual clinical scenario. We hypothesize that IMT and hemodynamic parameters reproducibility may be not negligible.
Material and methods

Patients
We wanted to build a sample made up of patients with expected carotid atherosclerosis. These subjects would account for the common clinical scenario in which manual measurements are performed and cardiovascular risk estimated. Their carotid walls are usually irregular and a strong subjective visual component needs to be considered when manual measurements are attempted. For that purpose, we took advantage of subjects of a cardiology sample in our Institution who had undertaken computer tomography (CT) for calcium scoring and coronary artery angio-CT during the last 11 months. CT had been performed in atypical chest pain and when electrocardiogram, echocardiography, or stress tests were uncertain, non-interpretable, impossible to be performed, or discordant between them or with laboratory testing. Except for one patient with right coronary artery chronic occlusion, the remaining subjects had no known coronary disease. Carotid stenting or surgical interventions were exclusion criteria, but, finally, no patient was excluded. The final sample was made up of 21 patients (14 male; mean age 61.2 ± 9.4 years, range 42 -77 years, women 44 -77 years, men 42 -76 years). The study was approved by the Institutional Ethics Committee. Before US, all subjects were interviewed and informed on the characteristics and objective of the study and signed the written informed consent. Each patient received a report of his/her first US examination in the second appointment.
Doppler US All exams were performed with the same ultrasound scanner and probe, Philips IU22, L 9-3 MHz (Philips Healthcare, Eindhoven, The Netherlands), between February and June, 2012. In order to reproduce a common real technical scenario, we first wanted to introduce different levels of experience between operators. Therefore, each patient was individually and independently explored by three operators (Op) with 7, 2, and 1 years experience in general and Doppler US; the first one (Op1) was a certified radiologist while the other two were, respectively, an US trained radiology resident (Op2) and a radiology resident still under US training (Op3). Each operator carried out two exams in each patient, two different days apart, not before 30 days from the first exam, and not beyond 10 weeks between both exams. They were always blinded to the other operators' results, and, when performing the second examination, also to their previous results. Performing US, all operators followed the recommendations of the ASE [9] . Accordingly, the patient stayed in supine position, the neck slightly hyperextended and rotated to the opposite side. Also looking for that common technical scenario, the operators only agreed on what the IMT limits were and how to obtain the IMT and hemodynamic measurements. Otherwise, they were free to sample Doppler signal with the incidence angles they considered more appropriate, provided it was ≤60º and not beyond 1cm from the carotid bifurcation, and to assess IMT whatever time of the cardiac cycle and with the zoom level they felt more comfortable. All data and zoom levels were recorded in our local Picture Archiving and Communication System (PACS) and archived in a Microsoft Office Excel database (Windows 2010. Microsoft Office Corporation. Redmond, Washington, EEUU).
IMT was considered as the maximum distance between the intima and adventitia internal edges, at the distal centimeter of the posterior CCA wall. When detected, the operator avoided the atheroma plaques for IMT measurement, but not for the hemodynamic assessment. Each operator successively froze three CCA longitudinal images, identified the thickest wall, and measured the IMT freehand in each image. Along that process, the operators were instructed to avoid looking at the quantitative values in the screen. The averaged thickness (IMT-mean) and the thickest width (IMTmax) were used for the analysis. Later on, they got the PSV and EDV in the distal CCA and proximal ICA on both sides, as close as possible to the carotid bifurcation, always keeping an angle ≤60º, and using the spectrum with the best spectral window (fig 1) . The carotid bulb was avoided.
Statistical analysis
Variables in the Excel tables were exported to SPSS version 17.0 for Windows (IBM, Armonk, NY). They were presented as mean ± standard deviation. Normal distribution was checked by the Kolmogorov-Smirnov test. The two-tailed Student t test was used for any right and left comparisons while differences in IMT and hemodynamic parameters between the three operators were analyzed with the ANOVA test and Bonferroni correction for multiple comparisons. Finally, we assessed the intra and interobserver agreement for IMT and hemodynamic parameters. All agreement analysis was made with the Intraclass Correlation Coefficient (ICC) with 95% confidence intervals (95%CI). Agreement levels were classified as poor (<0. 
Results
Demographic data are shown in table I. a. Right to left differences a.1 Intima-media thickness. The averaged IMTmean and IMTmax were significantly thicker on the left (IMTmean 0.9271 ± 0.2593 vs 0.8404 ± 0.1736, P < 0.001; IMTmax 1.0050 ± 0.2910 vs 0.9195 ± 0.1895, P < 0.015). On an operator basis, IMTmean and IMTmax were also thicker on the left, but differences were only significant in the second examination of operators 1 and 2 (P = 0.025 and P = 0.031 for IMTmean; P = 0.041 and P = 0.016 for IMTmax).
a.2 Velocities. PSV and EDV did not show right to left differences, excluding a higher PSV in the right CCA (operator 3; second examination), and a higher EDV in the left ICA, (operators 2 and 3; first examination).
b. Differences between operators (table II) b.1 Intima-media thickness. All IMT magnitudes of operator 2 were different from the other two sonographers measurements (fig 2) . Operator 2 always used zoomed images while operators 1 and 3 zoomed images in 38% and 31% of cases, respectively. The operator 2 zoom level was also higher (≥ 1.7x in 69% of cases vs. 11% and 2% in operators 1 and 3, respectively).
b.2 Velocities. Only right ICA EDV in the second examination was significantly different between the three operators, but that difference lost significance when multiple comparison analysis was performed.
c. Agreement analysis (tables III and IV; 95%CI are only provided in the tables). 
Discussions
According to our results, the intra and interobserver agreements with IMT (especially IMTmean on the left) and hemodynamic parameters (especially in the CCA) went from good to excellent, but they were variations between arteries and operators, generally with wide confidence intervals.
Our main purpose was to assess the reproducibility of manual carotid US measurements in patients with cardio- vascular risk factors. In a previous study whose sample was classified in cardiovascular risk quartiles according to IMT, minimal differences in magnitude moved patients to distant quartiles. In that paper, being included in the highest or the lowest quartiles depended on IMT differences of just 0.3 mm [18] . Therefore, variability of carotid ultrasound IMT magnitudes might make using it as a biomarker of cardiovascular risk questionable. Moreover, a recent large meta-analysis has questioned the prognostic utility of IMT as a risk biomarker and has argued that the extent of carotid plaque, when compared to IMT, showed a greater accuracy for the prediction of future coronary ischemic events [19] . In this scenario, the analysis of carotid US agreements becomes relevant. A number of previous papers have analyzed the reproducibility of manual and automatized carotid IMT measurements [5, 11, 12, 14, 20, 21] . However, only a few made just a correlation analysis and agreement was not actually assessed [11, 12, 20] . For other researchers, correlation based on coefficients of variation or difference of means were acceptable [14, 21] or very high [5] , but the interobserver agreement was not studied in the latter. Unlike those studies, we assessed intra and interobserver agreements with the intraclass correlation coefficient and 95% CI, and agreement, although overall acceptable, was variable. IMTmean was always more reproducible than IMTmax, probably because it is just one measurement, it may be more variable than IMTmean [9] . IMTmax is the normal approach in our department and has also been the reference parameter in some studies [20] . However, IMTmean (averaged three IMT measurements in the distal CCA centimeter) is recommended by the ASE for IMT manual quantification [9] and, as our results corroborate, less variable [15, 21] .
IMT agreement in this study was always better on the left. Right-to-left thickness differences might be the first reason for agreement inconsistencies [5] . Though not always the case [22] , some reports have suggested that atheromatosis might be more severe on the left CCA [23] [24] [25] . Moreover, a stiffer and less elastic wall would make it less variable during the cardiac cycle. In fact, the effect of cardiac cycle on an IMT agreement can be another possible source of variation [25] . Accordingly, a thicker and less changing left carotid wall might allow the operator to be more accurate when placing the calipers at the IMT edges. Further supporting that hypothesis, when reproducibility has been reported equal in both sides, the consistence of measurements was higher on the side where the carotid wall was thicker [5] . And levels of agreement were better bilaterally when IMT was also bilaterally increased [11] . However, other authors have reported a negative relation between agreement and thickness [14, 26] and taking into account that the higher agreement on the left has been also reported with semiautomated software [27] , other factors than thickness could influence agreement and laterality. Accordingly, the operator's position on the left may change the angle of insonation or the applied pressure [28, 29] . And zooming or experience might also have to be considered in the background of inconsistencies. In our case, the operator systematically enlarging the image also showed different degrees of agreement and lower thickness values, which is consistent with other reports [9] . On the other hand, our results do not suggest an important impact regarding the operator's experience. Specific and fast training protocols may improve IMT agreement even with inexperienced operators [30] suggesting that highly experienced sonographers might not significantly differ from less trained operators. However, more dedicated designs are required to achieve more reliable conclusions on zooming or experience, even more considering that experience has been previously related with disagreements [29, 31] .
Regarding the hemodynamic parameters, our intra and interobserver agreements were slightly and clearly worse, respectively, than others previously reported [32] , always with wide confidence intervals. Intraobserver concordance was higher with EDV than PSV, perhaps related to the narrower range of EDV magnitudes. However, we cannot easily explain why the interobserver was better than the intraobserver agreement. Maybe, it was partially an effect of the small sample, but, once again, we cannot rule out the impact of those previously commented factors, related to technical, anatomical, physiological and pathological reasons, which, for the hemodynamic parameters, could be even more relevant.
Our study has several limitations. First, though we wanted to involve more patients, their special characteristics and the number of examinations in different days made it difficult to get a larger sample. As a result, the small size lowers our statistical power. However, reproducibility studies may be attempted with at least 20 subjects [33, 34] and, with that sample size, we can assume a 20% error margin [35] , which is acceptable for the preliminary objective of this work. Moreover, a small sample avoids the learning effect of successive carotid explorations identified in other studies [29] . Furthermore, our effective sample size for a complete two time-point analysis was not significantly different to other two time-point agreement analysis in which the elderly with expected cardiovascular disease were included [14, 36] . Second, the technical simplicity and the operator's autonomy could have introduced unpredictable sources of variability. The foreseeable impact of subjectivity in manual quantification makes reasonable thinking that automated techniques improve accuracy of measurements [9, 19, 37, 38] . Several studies have shown that automated software improves reproducibility [4, 5, 9] . However, not all studies agree [39] and, on the other hand, automated measurements deviations would have to be manually corrected, involving variability once again. In addition, our purpose was to reproduce a common technical scenario in clinical practice and, in our opinion, more than a real limitation, our manual approach adds a practical value to our results.
In conclusion, when carotid ultrasound is performed in patients with cardiovascular risk factors, intra and interobserver agreements are variable. In order to improve carotid IMT agreements, IMTmean is preferable over IMT max, but, even in that case, variability is not negligible, probably depending on technical and operator factors that have to be addressed in further investigations.
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